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Objective: To provide a comprehensive review of the litera-
ture regarding the role of external ankle support on joint kine-
matics, joint kinetics, sensorimotor function, and functional per-
formance.

Data Sources: We searched MEDLINE and SPORT Discus
databases from 1960–2001 for the key words ankle bracing,
ankle support, ankle taping, and ankle prophylaxes. We also
used personal libraries based on our own research to comple-
ment the existing literature.

Data Synthesis: The effects of external ankle support have
been studied on a plethora of dependent measures. Here, we
specifically discuss the role of external ankle support on joint
kinematics, joint kinetics, sensorimotor function, and functional

performance and present a general consensus regarding the
overall effects of these prophylactic devices.

Conclusions/Recommendations: The effects of ankle sup-
port on joint kinematics during static joint assessment and on
traditional functional-performance measures (ie, agility, sprint
speed, vertical jump height) are well understood. However, the
potential effects of ankle support on joint kinetics, joint kine-
matics during dynamic activity (eg, a cutting maneuver), and
various sensorimotor measures are not well known. Future re-
search investigating the role of external ankle bracing needs to
focus on these areas.

Key Words: ankle bracing, joint mechanics, sensorimotor
function, functional performance

Individuals who participate in athletic activities are partic-
ularly susceptible to ankle injuries1–5; of these injuries, ap-
proximately 86% are sprains.2 Acute ankle sprains occur

during dynamic movement, particularly when rapidly chang-
ing directions. The lateral ligaments of the ankle-foot complex,
which provide static support, are frequently torn, and the sta-
bility provided by the peroneal muscles is insufficient to limit
forced inversion.4 It has been suggested that the peroneal mus-
cle group plays a large role in dynamically stabilizing the lat-
eral ankle-foot complex against an injurious inversion mo-
ment6–8; however, the extent to which this dynamic defense
mechanism can protect the ankle-foot complex from injury is
still unclear.

Because of the frequency of ankle injuries, a considerable
amount of epidemiologic research has been conducted to ex-
amine the causes and effects of various methods used to pre-
vent such injuries.9–12 The high incidence of trauma to the
lower extremity, most notably the ankle-foot complex, has
contributed to the proliferation of external ankle-stabilizing de-
vices.13,14 Ankle taping, lace-up style braces, and semirigid
orthoses are used in an effort to prevent ankle injuries and to
stabilize patients who suffer from chronic ankle instability
(CAI). Ankle bracing and taping reduce ankle injury9–12 and
injury frequency rates,2,3,9–12,15,16 principally due to the me-
chanical support offered by these devices, although increased
sensorimotor function offered by external ankle support may
be a contributing factor.17,18

Many comparative studies have evaluated the efficacy of
these different types of external ankle support on ankle-foot

range of motion (ROM),19–41 functional performance,32,42–48

and various sensorimotor values1,8,17,18,49–64 in subjects with
healthy and chronically unstable ankles. Thus, our purpose is
to discuss and critically analyze the literature regarding the
effects of external ankle support on joint kinematics, joint ki-
netics, sensorimotor function, and functional performance.

ANKLE PROPHYLAXES AND JOINT KINEMATICS

Most studies classifying the effects of external ankle support
on joint kinematics have involved passive ROM evaluation
using an isokinetic dynamometer19,22,26–28 or a goniometric
device20,24,25,32–34,36,65–67 after some type of exercise. Little
consideration has been given to using video32 or film analy-
ses68 to assess the joint restriction provided by an ankle sup-
port after exercise consisting of a dynamic movement.

Gross et al26–28 compared the effects of adhesive tape and
selected prophylactic ankle appliances on passive inversion
and eversion before and after exercise. The tape condition, a
softshell stabilizer, and a semirigid orthosis reduced inversion
and eversion before exercise.26–28 After a 10-minute exercise
session, tape still offered significant support compared with
pre-exercise measures; however, the semirigid orthosis provid-
ed greater restriction.26 With a semirigid brace, eversion in-
creased after exercise, although differences between a lace-up
style brace and a semirigid stabilizer have not been found.26,27

With respect to inversion ROM, tape and semirigid orthoses28

have demonstrated greater restriction than a softshell or lace-
up style brace,27 yet this result has not been supported by other
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work.21 Additionally, the DonJoy Ankle Ligament Protector
(dj Orthopedics Inc, Vista, CA) provided greater inversion re-
straint, comfort, and perceived stability than the Aircast Sport
Stirrup (Aircast Inc, Summit, NJ).28 It is interesting to note
that eversion ROM increased after exercise during tape, lace-
up, and semirigid conditions, while inversion ROM remained
restricted.25,27,28 A plausible explanation may be that the brac-
es are designed with more emphasis on restricting inversion,
because that is the common mechanism of injury in ankle
sprains; however, it does not appear to be supported or refuted
by brace manufacturers.

A few authors24,25,34 have evaluated the effects of adhesive
tape and selected ankle appliances on passive ROM after pro-
longed exercise sessions lasting more than 10 minutes. In as
little as 10 minutes of exercise during a squash match, 2 ankle-
support conditions (tape and lace-up style appliance) ineffec-
tively supported the ankle.34 Additionally, after 1 hour of ex-
ercise, the adhesive tape lost its restrictive properties, resulting
in greater plantar flexion and inversion and combined motions
of plantar flexion with inversion and eversion. Similarly, after
20 minutes of exercise, inversion and eversion ROM increased
with a lace-up style brace, while the Aircast Sport Stirrup
maintained inversion support after 90 minutes of exercise.24

During the entire 90-minute practice session, the DonJoy An-
kle Ligament Protector demonstrated no decrement in support.
The authors24 concluded that the DonJoy Ankle Ligament Pro-
tector might be more beneficial than the Aircast Sport Stirrup
for people who suffer from CAI. Adhesive tape substantially
decreased its restrictive properties after 20 minutes of volley-
ball practice, while the braced ankles demonstrated diminished
eversion restriction after 3 hours of practice, but in the latter
group, inversion ROM restriction was maintained.25 Many of
these researchers have concluded that either a lace-up brace
or semirigid orthosis may be more effective than athletic tape
in restricting subtalar joint ROM after exercise bouts lasting
longer than 10 minutes.24,25,34

Although agreement exists concerning the effectiveness of
different ankle prophylactic devices on passive subtalar-joint
motion, little research has examined the role of external ankle
devices in controlling such motion while running. In compar-
ison with the abundance of published works regarding the role
of external ankle supports on passive ankle-foot ROM after
exercise, little information is available on the effects of dif-
ferent ankle prophylaxes on subtalar joint motion during dy-
namic activities such as walking, running, and lateral-cutting
maneuvers. It may be evident that these various braces may
behave differently when dynamically evaluated. Investigators
in 2 ankle-support studies32,68 quantitatively measured rearfoot
motion during running using motion-analysis technology. In
an earlier study,68 the effectiveness of different types of ankle-
tape support on pronation restriction while walking was mea-
sured. All ankle-strapping techniques were equally effective in
maintaining consistent restriction for 10 minutes of continuous
walking on a treadmill. Furthermore, all strapping techniques
caused the foot to be excessively supinated before heel strike
compared with the barefoot condition. More recently, inver-
sion restraint provided by different ankle support devices was
compared before and after walking and running.32 On subjects
walking at 6.44 km/h (4 mph), the Aircast Sport Stirrup per-
mitted the least amount of inversion (7.68 before exercise,
10.78 after exercise) compared with the Swede-O Universal
lace-up (108 before exercise, 11.58 after exercise) brace
(Swede-O Inc, North Branch, MN) and adhesive tape (10.78

before exercise, 14.88 after exercise). With subjects running at
14.48 km/h (9 m/h), the Aircast Sport Stirrup brace and
Swede-O-Universal lace-up brace demonstrated no difference
in average maximum inversion before and after exercise. They
concluded that athletic tape is ineffective in restricting inver-
sion under a dynamic load, while the Sport Stirrup and lace-
up brace were similar in limiting inversion during walking and
running.

In an attempt to statistically synthesize the related literature
in this area,39 we used a meta-analysis approach to evaluate
ankle-support effects on ankle and foot ROM before and after
exercise. We evaluated 253 effects from 19 studies (that met
all of the inclusion criteria) published between 1966 and 1997.
Standardized effect sizes were calculated to establish the over-
all restrictive effect of each treatment condition (tape, lace-up
braces, and semirigid braces) compared with the control con-
dition within each study. The average ROM restriction in de-
grees compared with the control condition was calculated from
the standardized effect sizes (Table 1). Because we applied a
quantitative statistical analysis to published research in this
area, the following conclusions can be considered a consensus
regarding the effects of external ankle support on ankle-foot
ROM:

• Before exercise, semirigid braces restricted inversion ROM
21.3% more than tape and 26.2% more than lace-up braces.

• After exercise, semirigid braces restricted inversion ROM
72.1% more than tape and 59.5% more than lace-up braces.

• No significant difference existed in inversion ROM restric-
tion between the tape and lace-up brace conditions before
(15.98 and 14.98, respectively) or after exercise (7.38 and
10.68, respectively).

• Semirigid braces provided greater eversion ROM restraint
compared with the tape and lace-up brace conditions before
(19.88 semirigid, 9.58 tape, 14.48 lace-up) and after exercise
(24.98 semirigid, 7.18 tape, 8.98 lace-up).

• Lace-up braces provided greater overall eversion ROM re-
striction (9.88) than tape (7.28).

• Dorsiflexion ROM was restricted 38.3% more with taping
than with a lace-up brace.

• No significant difference existed between tape (9.18) and
lace-up style braces (9.78) on overall plantar flexion ROM
restriction.

Historically, the assessment of talocrural-talocalcaneal joint
displacement has been the primary research focus in under-
standing the mechanical effects of external ankle support. Sur-
prisingly, little emphasis has been placed on studying the ef-
fects of ankle support on other kinematic variables such as
angular velocity and angular acceleration. Quantifying talocru-
ral and talocalcaneal angular velocity can provide the scientific
community with detailed information regarding the mechani-
cal-restriction properties of external ankle support in addition
to angular displacement. The amount of subtalar-joint angular
displacement an ankle brace may offer only provides infor-
mation regarding the change in position of the subtalar joint
with respect to time. Angular joint displacement does not mea-
sure the rate at which the change in angular position occurs.
Often, joint injuries occur due to the rate at which the joint is
displaced and not the amount of displacement itself. Each sup-
port device (tape, semirigid, or lace-up brace) contains some
degree of elasticity. Accordingly, each type of ankle support
exhibits viscoelastic properties, and the level of strain (per-
centage deformation) that each support can undergo depends
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Table 1. Standardized Effect Sizes and Average Range-of-Motion
Restriction Using Tape, Lace-Up, and Semirigid Ankle Supports
during Pre- and Postexercise Movements*

Ankle Support
Effect Size
(0 6 SE)†

Average
ROM

(degrees)

No. of
cases

(n)

Preexercise

Inversion

Tape
Lace-up
Semirigid

22.33 6 .38
22.18 6 .86
22.97 6 .63

15.9
14.9
20.2

13
7

15

Eversion

Tape
Lace-up
Semirigid

21.14 6 .24
21.73 6 .98
22.38 6 .79

9.5
14.4
19.8

8
6
9

Dorsiflexion

Tape
Lace-up
Semirigid

20.98 6 .29
20.47 6 .29
20.13 6 .13

6.6
3.2
0.9

7
6
7

Plantar flexion

Tape
Lace-up
Semirigid

21.71 6 .33
21.51 6 .42
20.53 6 .20

10.5
9.3
3.3

10
6
6

Postexercise

Inversion

Tape
Lace-up
Semirigid

21.07 6 .20
21.56 6 .29
23.85 6 .64

7.3
10.6
26.2

22
15
20

Eversion

Tape
Lace-up
Semirigid

20.85 6 .32
21.07 6 .21
23.00 6 .60

7.1
8.9

24.9

16
14
15

Dorsiflexion

Tape
Lace-up
Semirigid

20.89 6 .18
20.55 6 .16

NA†

6.0
3.7

NA†

10
10
NA†

Plantar flexion

Tape
Lace-up
Semirigid

21.24 6 .16
21.65 6 .20

NA†

7.6
10.1
NA†

14
10
NA†

*SE indicates standard error; ROM, range of motion, NA, that no data
were reported for the semirigid brace after exercise, and thus, effect
sizes could not be calculated for dorsiflexion and plantar flexion.
†Negative effect sizes indicate greater restriction in range of motion for
each brace compared with the control condition.
(Reproduced and modified with permission from Cordova ML, Ingersoll
CD, Le Blanc MJ. Influence of ankle support on joint range of motion
before and after exercise: a meta-analysis. Journal of Orthopaedic &
Sports Physical Therapy. 2000;30:170–182.39)

on the rate at which the stress is applied.69 Thus, it is quite
possible that 2 different ankle braces offer the same amount
of joint-motion restriction but exhibit entirely different strain
rates. Quantifying the amount of angular velocity at the ankle-
foot complex can provide additional information regarding the
mechanical efficacy of external ankle support.

Recently, investigators have quantified rearfoot angular ve-
locity under various ankle-support conditions during a sudden
inversion movement using an electrogoniometer41 and high-
speed videography.70 In both studies, an inversion trapdoor
was used to simulate the mechanism of injury of a traditional
lateral ankle sprain. Rearfoot inversion average velocity de-

creased significantly with adhesive tape41 (40%) and a lace-
up brace (38%)70 compared with a control condition. Addi-
tionally, the semirigid brace substantially decreased inversion
average velocity (51%) compared with the lace-up style
brace.70 These findings provide critical insight regarding the
ability of external ankle support to reduce the rate of rearfoot
movement during sudden inversion. Although a direct assess-
ment of joint moments was not performed,41,70 these studies
offer preliminary data suggesting that external ankle support
may reduce the forces that cause subtalar joint motion during
a simulated lateral ankle injury. More research is necessary to
understand how external ankle support may modify talocrural
and talocalcaneal angular velocity and acceleration during dy-
namic activity.

ANKLE PROPHYLAXES AND JOINT KINETICS

Greater evidence exists supporting the application of exter-
nal ankle support in limiting ankle and foot passive ROM dur-
ing static or quasistatic conditions. However, whether external
ankle support reduces the forces that cause joint motion has
been questioned. Because external ankle support reduces joint
angular displacement and angular velocity, we may surmise
that external ankle support attenuates the external forces that
cause angular motion. The moments created at the talocrural
and talocalcaneal joints under various ankle-brace conditions
when the lower extremity is positioned in the closed kinetic
chain have not been directly assessed. Yet isolated joint torque
production22,71 and ground-reaction force components have
been assessed during ankle-support applications (Table
2).8,72,73

The question of whether external ankle support affects iso-
lated ankle-foot torque production is not new.22,71 In one of
the earliest studies assessing the influence of ankle taping, tra-
ditional application of adhesive tape had no adverse effects on
isokinetic plantar-flexion, dorsiflexion, inversion, or eversion
torque production.71 Although no treatment effect was report-
ed, only 7 subjects participated in the study. Based on the data
presented, it appears that a type I statistical error influenced
the results. In a similar study investigating talocrural joint
torque and total work,22 the Swede-O-Universal brace dimin-
ished plantar-flexion and dorsiflexion force production com-
pared with the Aircast Sport Stirrup and Active Ankle Support
but not tape at 308·s21. Also, dorsiflexion peak torque was not
affected by the application of an ankle appliance. Further, the
no-support condition and the Active Ankle brace were asso-
ciated with significantly higher plantar-flexion work values
than the Swede-O-Universal brace and adhesive tape.

The role of external ankle supports on the ground-reaction
forces produced during a dynamic task has not been greatly
explored. Developing insight into the pattern, magnitude, and
temporal characteristics of the ground-reaction forces that oc-
cur in various ankle-support conditions could help to explain
some of the kinematic changes affecting the ankle-foot com-
plex. Evaluating the kinetics of movement allows for accurate
assessment of the support mechanics used. In the few existing
studies, some researchers72,73 evaluated the effects of the Air-
cast Sport Stirrup on ground-reaction forces during running,
while another group8 evaluated these potential effects during
a dynamic inversion shuffling movement.

Hamill et al72 evaluated the 3-dimensional components of
ground-reaction force data using 2 common ankle-stabilizing
appliances while subjects ran at a controlled speed of 5 m·s21.
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Table 2. Examination of External Ankle Support on Joint Kinetics

Study Ankle Support Joint Kinetic Measure(s)/Effect

Abdenour et al71 Adhesive tape Plantar flexion torque/None
Dorsiflexion torque/None
Inversion torque/None
Eversion torque/None

Cordova et al8 Aircast Sport Stirrup Lateral peak impact force/None
Lateral maximum loading force/None
Lateral propulsion force/None

Active Ankle T2 Lateral peak impact force/None
Lateral maximum loading force/None
Lateral propulsion force/None

Gehlsen et al22 Adhesive tape

Aircast Air Stirrup

Active Ankle

Swede-O Universal

Plantar flexion torque/None
Dorsiflexion torque/None
Plantar flexion torque/None
Dorsiflexion torque/None
Plantar flexion torque/Decreased at 308·s21 and 1208·s21

Dorsiflexion torque/None
Plantar flexion torque/Decreased at 308·s21 and 1208·s21

Dorsiflexion torque/None

Hamill et al72 Aircast Air Stirrup

Adhesive tape

Vertical force/None
Anteroposterior force/None
Mediolateral force/None
Vertical force/None
Anteroposterior force/None
Mediolateral force/None

Stuessi et al73 Aircast Air Stirrup Peak medial force/Increased
Peak lateral force/Increased

The time to peak vertical impact force and the time to mini-
mum vertical force were larger for the preexercise tape con-
dition than the ankle-stabilizer conditions. In the anteroposte-
rior (AP) force, the relative time to zero force was larger
between the tape and ankle-stabilizer conditions. No difference
was reported between ankle-support conditions for the medio-
lateral (ML) component. Although the external ankle support
did not affect the magnitude of the ground-reaction forces, the
time in which the forces were produced was slower. This sug-
gests that the external support may attenuate forces at the an-
kle-foot complex by extending the amount of time in which
they act. In a similar study73 of subjects with functionally un-
stable ankles while running, an Aircast Sport Stirrup brace
increased peak medial force compared with the control con-
dition. Additionally, the lateral forces generated in the brace
condition decreased compared with those produced during the
unbraced treatment. Moreover, the stability offered in the
braced ankle reduced the ML velocity at foot contact com-
pared with the control condition. These data suggest that the
stiffness offered by the brace does, in fact, allow the forces
generated at the ankle-foot complex to be attenuated and, per-
haps, controlled.

More recently, the effects of the Active Ankle and Aircast
Sport Stirrup semirigid brace on lateral ground-reaction forces
were assessed while subjects performed a controlled shuffling
movement. This movement was designed to produce a dynam-
ic inversion loading on the ankle-foot complex in the lateral
direction.8 Ankle bracing did not alter peak impact force, max-
imum loading force, or peak propulsion force in the lateral
direction compared with the control condition. Thus, ankle
bracing may not act as a force bypass when the talocural and
subtalar joints are dynamically loaded in the lateral direction.
A significant limitation exists when trying to compare the data

presented in the 3 studies previously discussed.8,72,73 Earlier
studies72,73 assessing the influence of ankle support on ground-
reaction forces were performed on subjects running on a tread-
mill. External ankle supports are designed to be stressed in the
frontal plane; running does not produce frontal-plane motion
at the rearfoot and midfoot articulations, and so the devices
are not stressed in the intended manner. Thus, the differences
found in the Stuessi et al73 study may have been due to in-
dividual variability in gait among the 11 subjects. Cordova et
al8 imposed a demand on the ankle-foot complex similar to
what the external support is intended to control against. Al-
though differences in lateral ground-reaction forces were not
found, more work using similar methods is needed to further
validate these effects.

It may be argued that assessing ground-reaction force data
may not be the most direct method for estimating the forces
exerted on the ankle-foot complex. Additional inquiry is re-
quired to estimate talocrural and talocalcaneal joint moments,
either through inverse dynamics or forward solution modeling,
under dynamic loads among various support conditions. Until
this direct assessment is performed, researchers can only spec-
ulate as to the role external ankle support may have in reduc-
ing the forces imposed on the ankle-foot complex under dy-
namic loads.

ANKLE PROPHYLAXES AND SENSORIMOTOR
FUNCTION

The effect of external ankle support on joint kinematics has
been widely studied. Evidence is substantial that ankle sup-
port, offered through tape or a ready-made stabilizer, provides
mechanical stability to the ankle-foot complex.39 To a much
lesser degree, the potential effects of external ankle support
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Table 3. Examination of External Ankle Support on Sensorimotor Function

Study
Sub-
jects* Ankle Support Sensorimotor Measure(s)/Effect

Alt et al59 U Adhesive tape Peroneus longus muscle reflex latency/None
Peroneus longus muscle reflex integrated electromyography/

Decreased

Bennell et al53 U Adhesive tape
Aircast Air Stirrup
Elastic bandage

Mediolateral force deviation/Increased
Mediolateral force deviation/Increased
Mediolateral force deviation/None

Brooks et al64 U Active Ankle T2 Peroneus longus muscle Hoffmann reflex/None

Cordova et al60 U McDavid A 101†
Active Ankle

Peroneus longus muscle reflex latency/None for either brace

Cordova and Ingersoll61 U McDavid A 101 Peroneus longus muscle reflex amplitude/Immediately increased
Active Ankle Peroneus longus muscle reflex amplitude/Increased after 8-wk appli-

cation

Feuerbach et al52 U Aircast Air Stirrup Anteroposterior postural sway/None
Mediolateral postural sway/Decreased

Feuerbach et al18 U Aircast Air Stirrup Talocrural joint repositioning/Enhanced
Talocalcaneal joint repositioning/Enhanced

Heit et al56 U Adhesive tape
Swede-O Universal

Plantar-flexion joint positioning/Enhanced
Inversion joint positioning/Enhanced
Plantar-flexion joint positioning/Enhanced
Inversion joint positioning/None

Jerosch et al55 B Adhesive tape
Mikos Lace-up
Aircast Air-Stirrup

Plantar-flexion joint reposition/Enhanced for all 3 supports

Karlsson and Andréasson51 I Adhesive tape Peroneus longus muscle reflex latency/Enhanced

Kinzey et al57 U Active Ankle
Aircast Sport Stirrup
McDavid A 101

Anteroposterior, mediolateral, and total center of pressure/None for
any of the 3 braces

Lohrer et al58 U Adhesive tape Proprioceptive amplification ratio/Increased

Nishikawa and Grabiner17 U Aircast Air Stirrup Peroneus longus muscle Hoffmann reflex/Increased

Palmieri et al63 U McDavid A 101 Anteroposterior frequency spectrum/None
Mediolateral frequency spectrum/None

Sprigings et al49 U Adhesive tape
Cloth wrap

Peroneus longus reflex amplitude/None for either support

Tropp et al50 B Adhesive tape Anteroposterior postural control/None
Mediolateral postural control/None

* I indicates subjects with injured ankles; U, subjects with uninjured ankles; B, subjects with both injured and uninjured ankles.
† McDavid Sports Medical Products, Woodridge, IL.

on a few sensorimotor variables have been studied. Various
sensorimotor values have been measured under the influence
of external ankle support (Table 3). Such measures include
peroneus longus (PL) muscle reaction time or latency,49,51,58–

60 PL reflex amplitude,58,61 PL Hoffmann reflex,17,64 joint po-
sition sense or joint replication,18,55,56,74 and various measures
of postural control.50,52,53,57,63 The sensorimotor variables in
question have been measured during static and dynamic con-
ditions.

Ankle Support and Peroneus Longus
Muscle Response

Peroneus longus neuromuscular function is critical in dynam-
ically supporting the ankle-foot complex against an inversion
mechanism of injury.6,7 As a result, PL reaction time, or latency,
during a simulated ankle sprain has been predominantly studied
in normal and chronically unstable ankles,6,7,75–81 while the effect

of ankle support on PL function has not been studied as exten-
sively.49,51,58–60 The duration of the PL latency quantified in these
studies involves activation of the group Ia afferent fibers of the
muscle spindle located in the muscle belly, which results in an
efferent motor response and contraction of the same muscle.82

Although a large amount of research has been done examining
peroneal muscle-reflex temporal characteristics during sudden in-
version, this work has used a quasistatic model for assessment.
The time and amplitude in which the peroneal muscles fire under
this condition may not reflect what occurs during an injury. Ide-
ally, peroneal muscle function would be assessed during a true
dynamic state; however, due to the difficulty in controlling many
extraneous variables under a true dynamic model, the use of in-
version trapdoors and platforms to simulate an ankle injury has
been widely accepted.6,7,49,51,58–60,75–81

In an earlier study of external ankle support and leg muscle
function, Glick et al1 proposed that another benefit of taping
the ankle, beyond its apparent mechanical restriction, is the



Journal of Athletic Training 451

stimulating effect on the peroneus brevis muscle. Individuals
who suffered from excessive inversion talar tilt and whose
ankles were taped initiated peroneus brevis contraction before
heel strike during running gait.1 This theory suggests a poten-
tial proprioceptive benefit of applying adhesive tape51,58,59,65

or an ankle brace17,61 and that the prophylactic benefits of
applying such devices may be more than just mechanical.
When considering the effects of external ankle support on PL
reflex latency, evidence exists regarding adhesive tape’s effi-
cacy. Peroneus longus reaction time was measured during sud-
den inversion in subjects with CAI whose ankles were taped.51

Chronically unstable ankles supported with tape demonstrated
faster reaction times of the PL and peroneus brevis during
rapid inversion compared with the unsupported condition.

Some researchers have shown no alteration in PL latency
after the application of either adhesive tape or a ready-made
ankle brace. In subjects with healthy ankles,59 no change in
PL reflex latency with ankle taping was found before or after
exercise. Their results were also supported by similar work,58

in which the PL response in healthy, uninjured ankles sup-
ported by athletic tape was not altered after sudden inversion.
Additionally, Cordova et al60 reported that PL reaction time
remained unaffected by a sudden inversion perturbation im-
mediately after the application of a lace-up or semirigid ankle
brace. Although none of these investigators58–60 found a sig-
nificant reduction in PL latency, their findings can be viewed
as a positive result regarding the application of external ankle
support. The application of external ankle support (tape, lace-
up brace, or semirigid brace) does not affect the latency of the
reflex circuitry of the muscle spindles within the PL during
sudden inversion.

Specifically, clinicians have surmised anecdotally that long-
term application of an ankle brace weakens the ankle’s sup-
porting structures and causes remodeling that induces these
structures to become dependent on this support. With the ex-
tended use of an ankle brace, the leg musculature’s ability to
respond to an external stimulus or perturbation may be de-
layed, thereby diminishing neuromuscular function and poten-
tially placing the ankle-foot complex at risk for injury. Re-
searchers have investigated the potential long-term effects of
external ankle support on PL muscle function.60,61 Peroneus
longus muscle latency during sudden inversion was assessed
in subjects before and after having a lace-up and semirigid
style brace applied 8 h·d21 for 5 d·wk21 over an 8-week pe-
riod.60 No changes were observed in latency across subjects
who were assigned to the lace-up or semirigid brace conditions
compared with the control condition; thus, athletes with
healthy ankles who wish to wear external ankle support for
prophylactic considerations throughout the course of a season
do not appear at risk for compromising the PL response to
sudden inversion.

Understanding the time delay of the PL in the supported
ankle as it responds to a sudden perturbation is certainly im-
portant; however, others have begun to evaluate neuromuscular
characteristics such as electromyographic reflex ampli-
tude.17,58,59,61,64 Although not much research has been done
in this specific area, the data that do exist are promising in
demonstrating the proprioceptive value of external ankle sup-
port. Lohrer et al58 explored the effects of adhesive tape on
the proprioceptive amplification ratio (PAR) in healthy sub-
jects. This variable is the ratio of integrated electromyographic
activity of the peroneal muscles over the maximum inversion
angle produced during sudden inversion. This value is then

normalized to the ratio obtained during the control condition.
After the application of tape, the PAR increased significantly.
Increases in the PAR were found to occur as a result of in-
creases in integrated electromyographic activity along with de-
creases in the maximum inversion angle.

The immediate and chronic effects of ankle bracing on PL
reflex amplitude during sudden inversion have been studied.61

Normalized PL amplitude was significantly enhanced after a
lace-up style brace was applied. Additionally, after 8 weeks of
chronic brace use, normalized PL amplitude also increased.
The results of this work are in agreement with a group17 that
considered the effects of a semirigid brace on the PL Hoff-
mann reflex in a non-weight-bearing, recumbent seated posi-
tion. Peroneus longus motoneuron pool excitability increased
10% after the application of a semirigid brace. They electri-
cally stimulated the PL muscle group Ia afferent nerve fibers
percutaneously and not through deformation of the muscle
spindles using a trapdoor testing apparatus (simulated ankle
sprain). This result may be viewed positively, as it suggests
that these types of braces have an excitatory effect on the PL
muscle. These data may support the hypothesis that ankle
bracing positively enhances PL function through heightened
afferent input from cutaneous mechanoreceptors.

Others have found decreases59 or no change64 in PL muscle
amplitude after the application of external ankle support. In an
attempt to evaluate joint stabilization provided by adhesive
taping during a simulated inversion trauma, Alt et al59 found
that PL-integrated electromyographic activity reduced signifi-
cantly by 18% after adhesive tape was applied. They attributed
this decrease in PL muscle activity to the decrease in inversion
velocity found with the application of adhesive tape. Brooks
et al64 assessed the PL Hoffmann reflex once a week over a
5-week period during semirigid ankle brace and control con-
ditions in uninjured subjects. Use of an ankle brace over a 5-
week period did not facilitate or inhibit PL muscle function.
The proprioceptive effect of tape and ankle bracing on the
underlying muscle groups may be an additional factor in pre-
venting injury in individuals who suffer from CAI. This is
critical, as the control and reflexive response of the peroneal
muscles appears to have a substantial effect in preventing in-
jury to the ankle-foot complex.

Ankle Support and Joint Proprioception

The importance of coordination and proprioceptive training
in reducing the frequency of recurrent ankle sprains has been
documented.9 Evidence indicating that mechanical stability is
the main function of external ankle support is substantial.39

Others contend that not only does external ankle support pro-
vide mechanical stability, but it may also facilitate proprio-
ceptive input of the ankle musculature.17,58,83 Although the
role of external ankle support in providing mechanical joint
stability is known, its effect on joint kinesthesia is less well
understood. The ability to improve proprioception occurs not
only through the use of exercise and rehabilitation84–86 but
also through stimulation of cutaneous mechanoreceptors near
and around the ankle by the application of various types of
ankle support.17,18,55,56

One of the first well-controlled studies to determine the ef-
fects of a semirigid ankle brace on ankle-joint kinesthesia was
reported in the mid 1990s.18 Joint position sense was measured
3-dimensionally using a motion-analysis system before and af-
ter applying a semirigid brace and anesthetizing the anterior
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talofibular and calcaneofibular ligamants.18 No significant dif-
ferences were noted in the constant, variable, or absolute errors
between the anesthetized and nonanesthetized conditions;
however, both the constant and variable errors in matching
reference points were significantly less with the brace than
without the brace. Thus, mechanoreceptors within the liga-
ments tested contributed very little to ankle-joint propriocep-
tion as measured by joint replication. Afferent feedback from
the cutaneous receptors in the foot and shank appears to be
enhanced after application of an ankle brace. More recently,
the positive effects of external ankle support on joint kines-
thesia were reported.55 The authors investigated the effects of
adhesive tape, a lace-up brace, and a semirigid brace on rep-
licating ankle-joint position. The lace-up brace was associated
with less angle-reproduction error than the semirigid brace or
tape condition. Each ankle-support condition also demonstrat-
ed less angle error than the control condition. In a similar
investigation, the effects of a lace-up style brace and adhesive
tape on the ability to replicate inversion and plantar-flexion
joint position in normal subjects were studied.56 Plantar-flex-
ion and inversion joint replication was enhanced in the brace
and tape conditions, but the 2 conditions did not differ from
each other. Although the scientific evidence in this area is
somewhat promising, more research is needed to clearly sub-
stantiate the positive effects of external ankle support on joint
proprioception.

Ankle Support and Postural Control

Individuals with decreased postural control are believed to
be more susceptible to ankle injury than those with better pos-
tural control.9,84 Rehabilitation programs employing coordi-
nation and balance training are effective in reducing recurrent
ankle sprains.9,52,53 Ankle-joint function directly correlates
with an individual’s ability to maintain an upright stance.83

The potential effects of ankle bracing on postural control have
been evaluated using stabilometry, in which many indices of
postural control were assessed.50,52,53,57,63 Some of the more
common postural-control dependent variables measured in-
clude center-of-pressure (COP) displacement in the AP and
ML directions, total COP excursion, and frequency analysis
of AP and ML COP data.

In an earlier investigation,50 subjects with a history of pre-
vious ankle sprains and functional instability were observed
to determine if postural control could be improved with ankle
taping. Stabilometric recordings of 38 soccer players with and
without ankle taping showed that taping did not influence
these measures. This work demonstrated that ankle taping had
no influence on postural sway. In another study57 assessing the
effects of ankle support on postural control, subjects wearing
3 selected ankle appliances were evaluated for COP trajecto-
ries in the AP and ML planes under 6 variations of a modified
Romberg test. Application of external ankle support did not
affect any of the COP measures in question. Thus, bracing did
not interfere with the coherence of the 3 sensory systems (vi-
sion, vestibular, somatosensory) that integrate and collectively
control the maintenance of upright stance.

In another study assessing the influence of ankle support on
postural control,52 the scientists hypothesized that application
of an ankle brace would decrease the amplitude and frequency
of unilateral postural sway. Testing consisted of static and dy-
namic trials in which COP trajectories in the AP and ML
planes were measured under a control condition and a semi-

rigid brace condition. A decrease in lateral sway with the semi-
rigid brace was observed, suggesting an improvement in lat-
eral postural control. The findings of this study suggest that
the semirigid brace acts to provide cutaneous afferent feedback
in maintaining postural control. This feedback may be through
the same neurologic pathways in which external ankle bracing
has been shown to enhance the replication of joint position.
In a similar investigation,53 different types of ankle support
were compared for the number of foot contacts made by the
subject’s nonsupporting leg and on ML force produced during
a 1-legged stance. In complete disagreement with previously
reported data,52 the authors showed that ankle taping and a
lace-up brace increased deviations in the ML force when com-
pared with the control condition. In addition, the number of
foot contacts made by the nonsupporting foot was increased
in the braced conditions.53 Although these findings might sug-
gest that ankle bracing has an adverse effect on postural con-
trol, caution should be taken in interpreting these results, as
the methods and dependent variables assessed in this study are
not representative of traditional postural-control investigations.

To further investigate external ankle support and postural
control, researchers63 applied a lace-up ankle brace for 4 days
to determine whether the spectral qualities of AP and ML COP
excursions during a 1-legged stance would be affected by ex-
tensive reliance on the ankle support. The frequency content
of the COP trajectories was assessed in an attempt to identify
alterations in somatosensory control of posture. No differences
existed between the brace and control conditions in AP and
ML mean power frequencies. Therefore, application of an an-
kle brace may not require a modification in the postural-con-
trol strategy during a 1-legged stance in healthy subjects.57

Due to the conflicting evidence in the literature, the effect of
external ankle support on postural control remains unclear. Re-
search assessing the potential influence of external ankle sup-
port in chronically unstable ankles is lacking. As work contin-
ues in this area, scientists should focus on quantifying more
sensitive aspects of postural control, using such methods as
Fourier and time-frequency analyses of the COP coordinate
data. These measures are more sensitive than traditional eval-
uation of COP displacement and are more revealing with re-
gard to our understanding of how the somatosensory system
may be affected by the application of external ankle support.

ANKLE PROPHYLAXES AND
FUNCTIONAL PERFORMANCE

Of all the empirical data surrounding the use of external
ankle support, the impact of these devices on functional per-
formance is probably most important. Although these devices
are beneficial in preventing ankle injury,9–11,14 athletes will
avoid wearing ankle supports if they perceive that athletic per-
formance will be hindered. The main purpose of ankle pro-
phylactic devices is to restrict frontal-plane motion occurring
at the subtalar joint; however, movement in the sagittal plane
is constrained as well, which may interfere with the execution
of functional tasks. Prophylactic ankle taping and bracing are
not likely to gain wide acceptance in the athletic population if
they impede performance. Therefore, it is essential to recog-
nize whether external ankle support hinders an individual’s
ability to carry out sport-specific tasks. The impact of various
ankle prophylaxes on different facets of functional perfor-
mance will be discussed.
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Table 4. Examinations of External Ankle Support on Sprint Performance

Study Distance of Sprint* Ankle Support/Effect

Bocchinfuso et al89 24.4 m Active Ankle/None
Aircast Air Stirrup/None

Burks et al88 36.6 m Swede-O Universal/Decreased speed
Kallassay brace (Sports Supports, Irving, TX)/None
Ankle tape/Decreased speed

Gross et al30 40 m DonJoy Ankle Ligament Protector/None
Aircast Air Stirrup/None

MacKean et al90 18.4 m Adhesive tape/None
Swede-O Universal/None
Active Ankle/None
Aircast Air Stirrup/None

Macpherson et al44 36.6 m Aircast Air Stirrup/None
DonJoy RocketSoc/None

Mayhew87 45.7 m Adhesive tape/None

Paris45 45.7 m McDavid A101/None
New Cross #120 (New Cross Intl Ltd, Scarborough, Ontario, Canada)/None
Swede-O Universal/None

Verbrugge91 36.6 m Adhesive tape/None
Aircast Air Stirrup/None

*Sprint performance was measured to the nearest 0.01 second for all studies.

Ankle Support and Running Speed

A dominant movement included in most aspects of physical
activity is running. Running speed is an important component
for successful performance in many competitive athletic
events. The design of an external ankle support may restrict
foot and ankle motions that are necessary to propel the body
at adequate speeds; thus, the beneficial effects of ankle support
in preventing injury may come at the cost of hindering per-
formance. Several investigators30,44,45,87–91 have examined the
effects of ankle taping and bracing on speed. The type of ankle
stabilizer, distance of the sprint test, and how the external sup-
port potentially affected this performance varied for each of
the studies reported (Table 4). Most subjects were competitive
athletes, but several investigators28,87 observed ankle-support
effects in recreational athletes.

Overwhelmingly, sprint time was not affected by the appli-
cation of an external ankle device30,44,45,87,89–91; however, oth-
ers found a decrease in sprint performance.88 The description
of the testing procedures used in this latter study is vague,
which complicates the comparison of these results with those
of similar studies. The authors failed to report subject-exclu-
sion criteria, the testing instruments used, and how each test
was performed. Therefore, the results presented may be flawed
and should be applied cautiously. Due to the convincing evi-
dence indicating that applying external ankle support does not
hinder sprint performance, clinicians should not be concerned
about healthy subjects using ankle stabilizers for prophylactic
reasons.

Ankle Support and Agility

To determine if external ankle stabilizers affect agility,
many testing protocols were created to challenge the coordi-
nation and speed of subjects (Table 5). The agility drills re-
quired quick changes in direction, moments of accelerations
and deceleration, and sprinting. The prophylactic ankle devices
generally did not alter agility; however, a few studies revealed

variations from this majority upon application of an external
ankle stabilizer.24,43

Performance restrictions were evaluated in subjects tested
while wearing an external ankle device.43 Subjects wearing the
Aircast Training brace performed faster (22.3 seconds) on the
agility course when compared with subjects wearing the
DonJoy Ankle Ligament Protector (22.7 seconds). Although
this time difference was statistically significant, the observed
increase would be irrelevant when applied to an actual agility-
type event. No detrimental effects were noted for any of the
ankle stabilizers when compared with the control condition.
This suggests that the agility drills used in the study were
unaffected by the use of ankle bracing. Greene and Wight24

found that the Aircast Training brace resulted in significantly
slower base-running times (13.79 seconds versus 12.84 sec-
onds without support), while the other external ankle-support
devices (Swede-O Universal and DonJoy Ankle Ligament Pro-
tector) did not impede base-running performance. The de-
creased running speed was attributed to the design of the Air-
cast training brace. The Aircast contains an air cylinder and a
rigid material useful in restricting frontal-plane motion. The
excess material in this ankle stabilizer may have hindered the
subjects’ ability to make the sharp directional changes required
to run the bases; however, numerous other researchers exam-
ining the effect of the Aircast Sport Stirrup on agility found
no differences from the control condition.30,43,44,46,89–92 After
examining the collective research, it becomes apparent that
external ankle support has virtually no effect on agility.

Ankle Support and Vertical Jump

Lace-up style ankle support and traditional adhesive-tape
application incorporate material anterior and posterior to the
talocrural joint axis, which may restrict the extremes of sag-
ittal-plane motion. Restriction of plantar-flexion and dorsiflex-
ion movement is likely to impede vertical-jump performance.
Therefore, if ankle taping and bracing prevent optimal perfor-
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Table 5. Examinations of External Ankle Support on Agility Performance

Study Agility Test Ankle Support/Effect

Beriau et al43 Course consisting of sprinting, backward run-
ning, and shuffling

Aircast Air Stirrup/Faster time than DonJoy
Aircast Training Brace/None
Swede-O Universal/Slower time than Aircast
DonJoy Ankle Ligament Protector

Bocchinfuso et al89 Shuttle run and agility run Active Ankle/None
Aircast Air Stirrup/None

Burks et al88 Shuttle run Swede-O Universal/None
Kallassy brace/None
Adhesive tape/Slowed shuttle run time

Greene and Wight24 Softball base running Aircast Training Brace/Resulted in slower times
Swede-O Universal/None
DonJoy Ankle Ligament Protector/None

Gross et al30 5 3 10-m figure-of-8 task (3 laps) DonJoy Ankle Ligament Protector/None
Aircast Air-Stirrup/None

Jerosch et al92 Japan agility test Aircast Air Stirrup/None
Ligafix Air Brace (Orthosport, Hessen, Germany)/

None
Malleoloc brace (Bauerfeind Inc, Kennesaw, GA)/

None
Ankle tape/None

MacPherson et al44 Shuttle run Aircast Air Stirrup/None
DonJoy RocketSoc/None

Mayhew87 Illinois agility run Adhesive tape/None

Paris45 SEMO (Southeast Missouri State University)
agility test

McDavid A101/None
New Cross #120/None
Swede-O Universal/None

Pienkowski et al46 Cone and shuttle run Swede-O Universal/None
Aircast Air Stirrup/None
Kallassy brace/None

Verbrugge91 Figure-of-8 course Adhesive Tape/None
Aircast Air Stirrup/None

mance of this task, it is unlikely that athletes will use these
devices, which could potentially predispose these individuals
to ankle-foot injury. The most commonly reported method of
assessing vertical jump involves measuring the difference in
distance between the subject’s highest reach on a wall when
standing (using the tip of the middle finger as the indicator)
and the highest point reached during the jump. Some investi-
gators allowed subjects to gain a running start when measuring
the highest point of their jump,93,94 while others did not report
the procedures used to measure vertical-jump height.87,88

Similar to the other results examining motor performance
after the application of external ankle support, most evidence
suggests that these devices do not alter vertical-jump height
(Table 6).30,44–46,89–91 However, some data suggest other-
wise.45,87,88,93 In 2 of the earliest studies, authors87,93 evalu-
ating the effects of prophylactic ankle taping on vertical-jump
performance in healthy subjects observed a significant de-
crease in vertical height when compared with a control con-
dition. Moreover, other researchers45 observed significant def-
icits in vertical-jump performance with the application of the
New Cross lace-up style brace, the Swede-O Universal brace,
and the Kallassy brace.88 The decrement in vertical jump in
these studies ranged from 3.4% to 5.4% compared with control
conditions.

The different results among studies examining vertical jump
are likely due to the various testing procedures employed. A

variety of starting positions was used, and some investigations
allowed the dominant foot to step forward first,30,91 while oth-
ers required a step approach.93,94 Most researchers placed the
subjects in a crouched position before they performed the ver-
tical jump.44,46,89,90,93,94 Additionally, each study’s protocol
required a different number of trials (ranging from 1 to 5) in
order to determine the vertical-jump height.

The mechanism for diminished vertical-jump performance
in the presence of lace-up style bracing and adhesive taping
can be best explained by the inherent design of these devices.
The lace-up stabilizers and ankle taping may have produced
plantar-flexion ROM restrictions that contributed to a dimin-
ished jump height. Vertical-jump height can certainly become
impaired if the external ankle support decreases this functional
ROM. Talocrural motion and torque production in the sagittal
plane are critical components of any jumping task, as they
assist in propulsion from the ground. Restricted plantar flexion
from an external ankle stabilizer would likely impair jump
height. Although restricting plantar flexion may contribute to
the ability of external ankle support to help prevent injury, it
may also hinder vertical-jump performance.

The effect of ankle prophylaxes on functional performance
has been examined with speed, agility, and vertical jump as
the primary dependent measures. The functional ROM al-
lowed at the ankle-foot complex upon application of external
ankle stabilizers is determined by the structure and design of
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Table 6. Examinations of External Ankle Support on Vertical Jump Performance

Study Type of Vertical Jump Ankle Support/Effect

Bocchinfuso et al89 Standing Active Ankle/None
Aircast Air Stirrup/None

Burks et al88 Procedure not described Swede-O Universal/Negative
Kallassy brace/Negative
Adhesive tape/Negative

Juvenal93 Running Adhesive tape/Negative
Elastic ankle tape/Negative

Gross et al30 Standing DonJoy Ankle Ligament Protector/None
Aircast Air Stirrup/None

MacKean et al90 Standing Adhesive tape/None
Swede-O Universal/None
Active Ankle/None
Aircast Air Stirrup/None

Macpherson et al44 Standing Aircast Air Stirrup/None
DonJoy RocketSoc/None

Mayhew87 Procedure not described Adhesive tape/Negative

Paris45 Standing McDavid A101/None
New Cross#120/Negative
Swede-O Universal/None

Pienkowski et al46 Standing Swede-O Universal/None
Aircast Air Stirrup/None
Kallassy brace/None

Verbrugge91 Standing Adhesive tape/None
Aircast Air Stirrup/None

Wiley and Nigg94 Running Malleoloc brace/None

the brace. Plantar flexion is restricted by ankle taping and lace-
up style bracing, which may contribute to impeding functional
performance. Although the results of the studies presently re-
viewed are not 100% conclusive, most of the information cur-
rently available suggests that external ankle support produces
minimal to small decrements on lower extremity functional-
performance tests evaluating speed, agility, and vertical-jump
ability.

CONCLUSIONS

The use of external ankle supports in sports medicine will
continue due to the high incidence of ankle injuries that occur
in sport and recreational activity each year. Prophylactic ankle
support is primarily advocated for the mechanical stability
these devices provide. An abundant amount of research exists
to document the effectiveness of external ankle support in re-
stricting ankle and foot range of motion during static positions.
Unfortunately, few data exist to help us understand how ex-
ternal ankle supports may act to control joint motion and at-
tenuate joint forces during dynamic activities such as running
and lateral-cutting maneuvers. More scientific inquiry is nec-
essary to define the potential role of ankle support in reducing
forces and loads placed on the ankle-foot complex. Evidence
is emerging that external-ankle support use may also be ben-
eficial by enhancing proprioceptive function of the ankle-foot
complex. The implications surrounding this area of study are
large, and other factors may be further delineated as we un-
derstand the mechanisms by which external ankle supports
help prevent injury. It is our contention that this area should
be the primary focus of future study involving the use of ex-
ternal ankle support. The potential influence of external ankle

supports on lower extremity functional performance has been
the subject of many research investigations. The literature
shows quite clearly that external ankle support does not impair
an individual’s sprint time and agility. Although some work
has shown vertical-jump performance to be negatively affected
with the use of external ankle support, most of the literature
in this area has demonstrated no deleterious effects of such
appliances.
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